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Abstract  
Acquedotto del Fiora, in order to optimize management and meet water demand of coastal district, has planned a Drinking 
Water Production Plan (DWPP) that defines the annual time schedule of activation and use of resources. 
The forecast of S.Fiora springs discharge, along with hydraulic model of Dorsale Fiora, allowed evaluation of the worst 
scenario. 
DWPP permitted to: define a stable allocation of water pipeline flows, plan activation of water treatment plants and additional 
resources, avoiding their over-exploitation and  improving the overall quality, schedule, as  middle-long term project, 
improvements to the main pipeline, enhancements of wells, facilities and plants. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Acquedotto del Fiora spa is the Integrated Water Management Utility over 56 municipalities in the province of 
Siena and Grosseto, with over 8300 km of aqueduct networks, more than 700 tanks, more than 500 wells, springs, 
surface intake and 39 water treatment plants. Served population is about 400,000 residents but it becomes over 
600,000 units in the summer period due to the touristic vocation of the community. 
The drinking water supply has been a primary problem since the beginning of the XX century first of all for the 
enhancement of the sanitary conditions of the community. It found resolution by utilization of the waters springs of 
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Amiata Mountain, famous for their abundance and pureness (hardness about 2°F). That water was adducted first 
toward the cities of Siena and Grosseto by 2 great pipelines called respectively “Dorsale del Vivo” e “Dorsale 
Arbure” and then toward the Val d’Orcia – Val di Chiana by a new branch from “Dorsale del Vivo” and toward 
Maremma by the so-called “Dorsale Fiora”. 
This last pipeline is the longest waterwork of the district, having a primary axes of about 250 km, the most 
productive, transporting over 700 l/s, but also the most complex under the hydraulic point of view. It originates 
from the town of Santa Fiora at 635 m above sea level where receives the water from 2 tunnel, one of which about 
650 m long inside the mountain. In the first kilometers it has 2 pipeline, DN 800 and DN 550 respectively: the first 
has the aim to transport the water toward the northern sector (“Colline Metallifere” district), the second to the 
coastal zone of “Costa d’Argento” district. While this second pipeline has an hydraulic profile quite regular 
downstream, the first pipeline has to overcome 2 morphological highs whose altitude is close to the upstream end, 
that is more than 600 m a.s.l. In that highs the pressure is a little bit over zero. 
The problem for the Colline Metallifere district is that the maximum flow rate is deeply dependent from the 
hydraulic profile whatever is the Santa Fiora spring discharge, while the minimum depends from the regulation on 
mount side. Therefore, the adduction has an upper limit not adequate for the water demand of community in the 
summer period. Before starting a unique management of the waterworks system (2002), each communities got the 
lacking resources by pumping from aquifers with low hydraulic potentials or with scarce quality, in addition to 
existing local springs. 
In these years, the compelling problem has been engaged by looking at the management of surface water 
(desalinization included), reaching acceptable safety of the system. Now the challenge is to modify the Dorsale 
Fiora to improve the use of the good water from Santa Fiora springs and, consequently, to reduce the stress over 
the coastal aquifers and the costs for their pumping and, in some cases, treatment. 
Fig. 1. Trend of water consumption of the city of Follonica 
 
To this aim, the prevision of discharge of Santa Fiora springs , the hydraulic simulation of Dorsale Fiora for the 
management of  many branches, the analysis of the environment sustainability of the local acquifers and the model 
for managing superficial waters are all fundamentals with respect the water demand of the community. 
2. Water demand evaluation 
The target water demand for each hydraulic district has been defined according to the following criteria: 
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• water consumption per capita and for type of use (civil, industrial, zootechnical, agricultural); 
• resident people, from periodical census of National Institute of Statistics (ISTAT); 
• Non residential homes, from ISTAT periodical census; 
• Fluctuating presences and touristic flow, given by Tuscany Regional Statistics Office annual report, for each 
month; 
Moreover, the water consumption per capita has been multiplied by a thermal coefficient that represents the 
different use of water over the year. 
The main issue with this method is that all data are subject to great uncertainty and cannot be used to estimate 
correctly a target value of water consumption. So, instead of using this kind of approach, we decided to use real 
demand data for the district, metered in the last years, thus defining an average curve representing the best 
performance expected for that system (recorded, for example, after water leak detection campaign). 
Fig.1 represents the trend of water consumption of the city of Follonica, during the past two years and the target 
value. 
3. S. Fiora springs discharge forecast 
After defining the target trend demand during all the year for each municipality of the Colline Metallifere 
district, the subsequent step has been the prevision of the discharge of S. Fiora springs. In fact, all the resource 
distributed from Dorsale Fiora pipeline (i.e. more than 60% of the total consumption demand of the province of 
Grosseto) is supplied from these springs. Thus, forecasting the availability during critical period, is one of our 
main goal. 
 
 
Fig. 2. Depletion trend, during period 31/8/2011 – 31/12/2012 
Using a simplified approach, instead of creating a complete geological and meteorological model, that would 
take into account inflows and outflows of the complex Amiata mountain system, we decided to define the spring 
depletion curve over a droughty period. 
On the basis of all the flow measures of the spring “Galleria Alta”, over a time series of more than 20 years, 
since 01/01/1990, all the cycling periods have been detected between highest and lowest values and their trend 
have been analyzed. 
As reported in Fig. 2 and 3, the period 2011-2012, although coming from one of the maximum discharge period 
ever, it has been the worst of all recorded and analyzed. Accordingly we assumed this as the most critical scenario 
for a long drought period. 
For this study, we considered the worst scenario by assuming a long drought period, during the summer, when 
the overall water demand is maximum, and estimating a discharge of 555-575 l/s for Galleria Alta. 
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Being this one the worst situation, we defined the realistic and conservative scenario which were simulated by 
the hydraulic model of Dorsale Fiora. 
Fig. 3. Galleria Alta depletion trend: comparison between different drought periods 
4. Dorsale Fiora Hydraulic model 
Dorsale Fiora is the main water work managed by Acquedotto del Fiora. It is more than 340 km in length of its 
main branches, that distribute the great part of the water resource in all the territory of the Grosseto province. 
To define the optimal allocation of this resource, the settings of the system and the optimization actions, it was 
carried out an hydraulic model (Fig. 4) using the software Infoworks WS. It includes more than 1,600 nodes and 
has been verified both through field measurements and using a wide remote network to control and monitor all 
nodes and branches. 
The SCADA system over the pipeline is made of 59 RTU Sofrel, with 131 flow and 78 pressure measurements. 
In addition, this monitoring system provides a nearly optimal knowledge of the system behavior either during 
normal hydraulic regime or during the restarting operation. 
Therefore, the hydraulic modeling is aimed to: 
• reveal which were the critical elements of the system (remarkable high points, hydraulic limits of branches for 
distribution to peripheral nodes); 
• detect the need to change fixed settings with automatic hydraulic valves, identifying their settings parameters; 
• develop the optimal allocation for each sector of the pipeline and between the main branches; 
• identify the sensitivity of the resource distribution as a result of any internal imbalances (losses, increasing 
needs) compared to the simulated distribution. 
Fig. 5 represents the head profile of the longest branch from source Galleria Alta to Poggio alle Vedette, main 
reservoir in Massa Marittima, where it is evident the top of Monte Leoni, which is the most critical point of that 
pipeline branch. 
Being the node of Monte Leoni a critical limit of the system, the allocation of resources in the district Colline 
Metallifere, in the northern part, is strictly conditioned by the regulation and demand in the other sectors. 
Therefore, in order to comply with water needs of each district, it is unavoidable to combine the resource of 
Dorsale Fiora (of high quality) with the use of coastal wells, local minor springs and even desalinization. 
Anyway, with the S.Fiora springs long-term forecast - by the use of the model and the increasing knowledge 
gained by experience –the settings for all other branches have been defined to ensure a mean flow of about 195 l/s 
at “Le Croci” node (Fig.6), to share among the territories of the municipalities of Gavorrano, Scarlino, Follonica, 
Massa Marittima, Monterotondo Marittimo. 
Future calibrations and ongoing refinements of the model will also help achieving improved accuracies and 
more significant results. 
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Fig. 4. General view of Dorsale Fiora hydraulic model from Infoworks WS 
5. Resource deployment and use criteria 
As mentioned in the cognitive framework provided by the hydraulic model, Dorsale Fiora has some critical 
constraints that limit the possibility of deployment water in some district to completely meet the demand.  
Thus, in order to reach the requirements of each district and guarantee the best possible water quality, it has 
been utilized the following criteria ordered according to their importance: 
• maximization of use of spring water available through the pipeline, identifying the best share-out and reducing 
head losses in critical branches; 
• improving the overall quality, preferring those resources of better quality, even using treatment plant, in the 
systems where there are critical parameters overcoming law limits; 
• protection of sensitive sources, defining the maximum and correct uptake rate for each resource; 
• reduction of operating costs and widespread management of plants. 
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Fig. 5. Planimetry and head profile of the longest branch, from source Galleria Alta to Poggio alle Vedette 
Fig. 6. Flow, Pressure at “Le Croci” and head profile of Galleria Alta – Poggio Vedette in DWPP scenario 
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6. Drinking Water Production Plan (DWPP) 
Acquedotto del Fiora, according to the above criteria, has prepared a Drinking Water Production Plan to 
optimize the use of water resource  and make a middle-term planning to satisfy the demand. 
The main aims of the plan are: 
• allocate a water budget for each municipality and each district; 
• assign a rank in the use of each resource on the basis of  quality; 
• define the settings of each production system (pipeline, well, plants, springs discharge) and the share of each 
resource to meet the total demand; 
• determine limits and prevent over-exploitation of every water source. 
Furthermore, one of the most critical element, in the allotment of water demand in the district of Colline 
Metallifere is the availability of local springs and the optimized use of treatment plant to integrate water from 
Dorsale Fiora. 
Specifically, the most vulnerable systems are Monterotondo Marittimo and Massa Marittima, at the end pipeline 
Fiora, for which it is relevant to have the best share with Follonica system. Besides, the Follonica district has an 
high demand variability due to touristic demand and water resources with poor and vulnerable quality. 
6.1. DDWPI issues 
On this premise, the issues described in the following paragraphs are considered while defining the plan. 
6.1.1. Local Springs 
Available time series and current rainfall (precautionary) data have been used to forecast possible discharge of 
local minor springs, at the beginning of the planning. 
6.1.2. Main plants 
The main treatment plant of Follonica is Bicocchi (ozone oxidation + filtration), whose resource derive from a 
basin filled by a pumping system from river Pecora. Therefore, in order to verify compatibility of the plan use 
forecast, a simple input/output model has been developed, taking into account also the plant performance in order 
to ensure the maximum level of the basin at the beginning of summer, when deriving water from the river was not 
possible (Fig.7).  
Furthermore, timely activation of plants, especially of Pozzo Inferno reverse osmosis plant, before the rising 
summer demand, allows to maintain a correct and stable settings on the Dorsale Fiora. 
6.1.3.  Operational and energetic cost analysis 
After quantity and quality requirements, operational and energetic indexes for the use of each water source 
(specifically wells and plants) have been defined by means of a matrix of preferences which takes into account 
operational costs and overall quality.  
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Fig. 7. Input/Output model for Lake Bicocchi system 
 

Fig. 8. Follonica district: Water demand vs. Resources withdrawal 
6.1.4. Geological surveys 
Geological surveys, made by Acquedotto del Fiora, for the definition of the operating flow rate compatible with 
wells structure and aquifer system. 
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6.2. Final DWPP output 
The final output of the DWPP is, for each district, a dashboard with: 
• water budget for the year, in steps of two weeks each; 
• share and withdrawal of each water source to meet the forecast demand; 
• time schedule of activation of every source and their settings value. 
In Fig. 8, the DWPP output for the district of Follonica and in Fig. 9 the time schedule and settings of Follonica 
and Gavorrano districts. 
 
 
Fig. 9. Time schedule and settings for Follonica and Gavorrano districts 
7. Conclusions 
The formulation of the Drinking Water Production Plan allowed to: 
• define a stable and schematic allocation of water flows, reducing the uncertainties for the use of a shared 
resource; 
• plan  the activation of water treatment plants (Biocchi, Pozzo Inferno) and additional resources, avoiding 
conflicts or delays that would have generate the over-exploitation of different sources, by using patterns of 
demand and the availability of local resources. 
• define improvements to the main pipeline Dorsale Fiora, iof wells, facilities and plants, as well as planning the 
development of long-term projects aimed at achieving the target water demand requirements. 
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7.1. Forthcoming developments 
DWPP should become AdF’s standard tool to define water budget, give an immediate operational indicator 
consistent with the  behavior of a complex system, and otherwise create a final balance comparing forecast and real 
production. 
For these reason we developed an home-made system, called Fiorax and based on a Postgres database integrate 
with GIS, asset relations and interfaced to a web platform, storing ongoing field measurements and water budget 
forecasting. 
While we already use Fiorax for water balance according to Italian regulation (i.e.D.M. 99/97), the next steps 
we are working on are: 
• Integration via OPC protocol to the SCADA system to integrate each available data in the same 
database; 
• Automatic verification of DWPP requirements in almost real-time mode, either for Operational or 
Control/Planning Units. 
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